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   lass ionomer based materials are clinically popular in several areas of restorative dentistry, but restoration of cervical lesions
has proven particularly successful. Various etiologies, conformations, locations and structural characteristics make non-carious
cervical lesions more challenging to adhesive restorative procedures and marginal seal in the long run. Due to their characteristics,
glass ionomer cements (GICs) have precise indication for these cases. Moreover, the use of a GIC base underneath composite resin,
the so-called “sandwich” or mixed technique, allows associating the good characteristics of composite resins and GICs, and has
been considered quite useful in the restoration of non-carious cervical defects. The aim of this paper is to critically review the
literature and discuss peculiar features of GICs regarding their role in the restoration of non-carious cervical lesions.
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INTRODUCTION
Non-carious cervical lesions are a challenging dental
problem that requires professional attention. Their
prevalence has increased due to the implementation of
preventive dentistry and caries control, and patient
complaints have started to be more and more related to this
kind of lesions1,14,59. The incidence of non-carious cervical
lesions increases with age and are associated with middle-
aged patients. Composite resin and glass ionomer cements
(GICs) have been indicated as the restorative materials of
choice for these cases34,37. GICs, however, have a wider range
of clinical applications in non-carious cervical lesions38.
These materials are capable to form satisfactory bonds with
enamel and dentin, release fluoride over a prolonged period,
promote good biological response (biocompatibility)21,32 and
have a coefficient of thermal expansion close to that of tooth
structures34. The aim of this paper is to critically review the
literature and discuss peculiar features of GICs regarding
their role in the restoration of non-carious cervical lesions.
GICs
Wilson and Kent57 (1970) were trying to overcome
shortcomings of silicate cements and to retain or improve
their advantages when they developed GIC. This material
was developed by combining strength, rigidity, and fluoride
release properties of a silicate glass powder with the
biocompatibility and adhesive characteristics of a
polyacrylic acid liquid.This turned out to be a hybrid cement
of silicate/polycarboxylate consisting of calcium
fluoroaluminosilicate glass powder and polyacrylic and
itaconic acid liquid. When first developed, the GIC was
labeled ASPA for its basic ingredients: “A”lumino “S”ilicate
powder and “P”olyacrylic-“A”cid liquid21.
From the first development of GIC, it was understood
that the acid-base reaction involved in the setting mechanism
for these materials was hydrolytically unstable in its early
stages. This meant that they were very sensitive to water
loss and water uptake for at least one hour after mixing21,56,
during which it is possible for the cement to dehydrate if
left exposed to air. Alternatively, if the materials are exposed
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to water, there will be considerable water uptake and elution
of essential ions. It was shown later, that the period of
sensitivity for the restorative esthetic materials is even longer,
and it is convenient to maintain them in isolation for up to
24 h21,29,56.
In addition to these disadvantages, there are a number
of advantages in the use of GICs, especially for restorations
that are not under heavy occlusal load. The ion exchange
adhesion with tooth structure is unique, and the strength is
yet to be measured4. Bond failures reported up to now have
represented cohesive failure in the cement rather than
adhesive failure at the interface with tooth structure23.
Fluoride released from GICs to the surrounding tissues
provides secondary caries inhibition5,8,23,36, and abrasion
resistance is very high once it has matured in the oral
environment. Clinical performance, concerning color match,
marginal discoloration, marginal adaptation and anatomical
form, satisfactorily resemble that of composite resin cervical
restorations and, in fact, GIC restorations seem to be
superior, in terms of retention rates7,12,34,42.
Since their development, GICs have suffered changes
in both glass powder component and in polycarboxylic acid
liquid. Modifications in both components have been made
in various brands for both patent and practical reasons. Silver
alloy, pigments, or radiopaque materials have been added
to the powder, depending on its intended use. One of the
most important changes in their composition was the addition
of ingredients to allow light-curing21,32.
These new materials are, thus, hybrid materials that retain
a significant acid/base reaction as part of their overall curing
process. They present improved setting characteristics over
conventional GIC, sufficiently long working time that can
be shortened by photo-curing, and a rapid development of
early strength, which in turn, renders the set matrix less
intolerant to the effect of moisture32,44,48,58. These materials
also have a number of less immediate advantages. The
translucency of the restorative material is markedly better
than conventional GICs, and color matching is less of a “hit-
and-miss affair”, apart from being doubtful in the long run20.
Repairs to defective or damaged surfaces of resin-modified
GICs (RMGICs) are easily carried out, and there is an
apparent improvement in adhesion to suitable prepared
dentine surfaces32. Also, these materials can bond directly
to composite resin and thus are well indicated for the
“sandwich” technique9, which got its name from the fact
that, in this particular usage, GICs are “sandwiched” between
the underneath tooth surface and the other restorative
material above, which is usually composite resin4,40.
GICs APPLICATIONS
GIC-based materials are clinically popular in several
different areas of restorative dentistry – as linings underneath
other restorative materials, as luting agents, as well as for
core build-up, and for restorations50. For each of these
clinical uses, numerous justifications are available. GICs
have very low shrinkage and are thermally compatible with
tooth structure. They can even bond to dentin surfaces
without the removal of the smear layer and their biologic
compatibility is well proved. For these reasons, they can be
effectively used as lining materials27.
The use of GICs as luting agents has also been reported
to having great success. They are used to cement stainless
steel crowns for primary teeth, precision cast crowns and
fixed prostheses for permanent teeth, space maintainers, and
single orthodontic bands. High-caries-risk patients are
particularly benefited with the use a luting cement that has
leachable fluoride ions and associate preventive dentistry
implications31.
GICs are also very suitable for core build-ups. They are
used to repair tooth structure defects prior to crown
preparation and stabilize weakened portions of the tooth.
The objective of this procedure is to achieve the most reliable
possible retention of the crown. Ideally, the core build-up
material should form a durable connection with the tooth
stump and show dentin-like properties regarding hardness
and grindability. Today, amalgam, GICs, or composites are
normally used as core build-up materials. GICs, however,
have been the preferred core build-up materials for a long
time because of their chemical adhesion to the tooth
structure47.
As a restorative material, GIC bond to the enamel and
dentin via ionic and polar bonds, and the intimate molecular
contact facilitates ion exchange of fluoride with the hydroxyl
ions in the apatite of the surrounding enamel5,39. These
features are especially interesting when the material is used
as fissure sealant, or for preventive and cervical restorations.
The use of GICs to restore cervical lesions proved especially
successful25.
NON-CARIOUS CERVICAL LESIONS AND
THE ROLE OF GICs
Nowadays, due to preventive dentistry (intense caries
control) and modifications in humans’ diet, non-carious
cervical lesions started to be commonly observed, mostly
in developed countries3,6,30,33. These lesions of multifactorial
tooth wear, can be attributed to the action of chemical agents
(dental erosion), physical agents (abrasion), or even to
alterations in force distribution on the tooth (abfraction). It
is also important to consider root exposure of teeth, when it
is present for long periods, as this could contribute to non-
carious cervical lesions formation. Normally, more than one
of these factors act simultaneously and the lesions acquire
unique characteristics that result in very complex differential
diagnoses and a challenging restorative treatment22,59.
The treatment of non-carious cervical lesions can usually
start with the control of the etiologic factor, following an
evaluation of dentin sensitivity. Desensitizing techniques are
based on the application of copal varnishes, potassium
oxalate and other desensitizing materials. However, they
provide only a palliative pain treatment. When the former
procedures are not effective, other factors such as food
accumulation prevention, dentin-pulp complex protection,
aesthetics improvement, erosion and dentifrice abrasion
protection, and control of dentinal sensitivity should be
considered as indications for the restoration of non-carious
cervical lesions. In this context, light-cured GIC could be
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used with certain advantages2. According to Santiago, et al.42
(2003), special characteristics of these lesions are the
presence of dentin or cementum in the gingival margins,
and restorations that are more susceptible to microleakage
and postoperative sensitivity because the available dentin
is not favorable to adhesive systems, due to its higher mineral
concentration (hypermineralized dentin). Along with lack
of mechanical retention and difficulty to control moisture
contamination in doing these restorations, the longevity and
marginal sealing are challenged.
GICs are very durable in cervical restorations and
compete with the composites, particularly where bonding
to cervical dentin is required. Sclerosed dentin remains the
greatest obstacle to obtain good bonding with dentinal
bonding agents, and failure at the cervical margin, as a result
of microleakage, is not always easily detected26. Dijken55
(2005), for example, showed that removal of the outer
surface layer of the sclerotic dentin by roughening with a
diamond bur did not improve retention for RMGICs, as
shown in earlier published studies52,53.
Taking these aspects into account, it is important to
consider that, although measurements of in vitro bond
strengths reveal lower values for GIC compared to resin-
based adhesive systems, evaluations in non-carious cervical
lesions restored with GICs showed good long-term
retention54,55. High retention rates were recorded by Gladys,
et al.15 (1998) after 18 months: no cervical restorations were
lost for Fuji II LC and Vitremer. Therefore, GICs maintain
the adhesion for long periods and are the materials of choice
to be used in the cervical area of teeth where no cavity
preparation is contemplated. It is also important to consider
that adhesion to dentin is enhanced by surface conditioning
with a 25% solution of polyacrylic acid for 10 s39.
For these reasons, questioning on the right choice will
depend on esthetic demands and on the maintenance of
polished surfaces. Modern composites restorations have
great esthetic appeal, but both conventional GICs and
RMGICs have been considerably improved with regard to
translucency and color. Although composite restorations may
exhibit esthetics in the first years, standard GICs can have
greater color stability because of their chemical stability24.
As seen above, non-carious cervical lesions can present
great structural loss in enamel margins, especially in regions
close to the gingiva, and so beveled enamel margins, which
are necessary for composite restorations to enhance adhesive
procedures, are contraindicated in order to preserve the
remaining structure. The defective regions could be then
restored with GICs since beveled margins are not
recommended for these materials due to their fragility when
placed in insufficient volume in the cavity. GICs are
especially effective for the treatment of non-carious cervical
lesions, bonding chemically to the calcium of the tooth
structure, and avoiding unnecessary removal of enamel for
cavity margin beveling. Also, the compatibility between
thermal expansion coefficients from the tooth structure and
from GICs makes mechanical retentions unnecessary, wich
saves  remaining tooth structure46. The retention of GIC, in
these situations, is up to 90 and 100% after 3 years of
observation22.
Sidhu43 (1994), evaluated the presence of tooth-
restoration interfacial failures in the seal of cervical cavities
with margins in dentin restored with conventional and resin-
modified GICs. After thermocycling, the conventional GIC
presented interfacial gaps measuring 26 m on average while
the RMGICs presented interfacial gaps measuring 8 to 10
m on average. The light cured materials showed a better
adaptation to the cavity walls when compared to chemical
setting GIC, though without statistical significance.
According to Tyas,51 (1995) modifications in the
conventional formulations of GICs and restorative
techniques increased remarkably the clinical success of class
V restorations. Advantages such as improved bond strength,
better physical proprieties, better polishing, wider color
range and translucence were obtained with the advent of
dual-cured cements, for example. In addition to having a
simplified technique, these materials present an excellent
long-term performance and offer fluoride release, even
though they still have surface porosity as a possible
disadvantage. RMGICs have good retention results, reduced
superficial degradation and increased wear resistance when
compared to conventional GICs. In addition to this,
according to the author, the use of conditioners and primers
containing HEMA prior to the application of GICs promotes
an adhesion very similar to the hybrid layer, observed with
the use of adhesive bond systems and associated with
composite resins.
After the initial setting, according to Pascotto and
Navarro35 (2004), these cements allow the passage of the
pulpal fluid through an absorption layer, formed near the
dentinal tubules. This layer can compensate for the
polymerization shrinkage of the resin agent, maintaining the
marginal seal of the restoration. Moreover, the
polymerization stresses developed by GICs are much lower
than the ones produced by composite resin, due to their slow
setting reaction and smaller resin content in the material.
The capacity of GIC to adhere chemically to the tooth
structure, allied with their coefficient of thermal expansion
similar to that of tooth structures, contribute to better quality
and to longevity of restorations, especially in enamel missing
margins, common in non-carious cervical lesions35.
According to Hanaoka, et al.16 (1998), restorative
materials used at the cervical region of teeth are frequently
subjected to resultants of occlusal loads, and, thus, should
present biomechanical features capable of resisting under
tension, which is a peculiar feature of GICs. An important
aspect to be considered, when selecting a restorative material
for NCCL, is the material’s capacity to partially absorb the
tension generated during loading distribution through the
teeth17,60.
Although the use of GIC in the rehabilitation of non-
carious cervical lesions has remarkable advantages, GIC
cervical restorations can be abraded, especially by
toothbrushing with dentifrice45. Frazier, et al.13 (1998)
observed that all but one hybrid resin-based ionomer type
material exhibited a resistance to toothbrush wear, which
was as good as or even better than that of the two traditional
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resin-based evaluated materials. Similar results were
obtained by Franco, et al.12 (2006) when, after a 5 year
evaluation, the clinical performance of RMGIC restorations
was superior to that of composite resin restorations. On the
other hand, Bracket, et al.7 (2002) have shown that although
the incidence of failed composite resin restorations was
higher than that of GIC restorations, no significant difference
was observed in the overall clinical performance between
the two materials. Also, Momoi, et al.28 (1997) reported that
the abrasion resistance of RMGICs was statistically lower
for amalgam and for composite resin reference materials.
The in vitro resistance of RMGICs to toothbrush/dentifrice
abrasion was lower than that of conventional acid-base GICs,
and seems to be related to their lower surface hardness.
The other possible mechanism on the development of
non-carious cervical lesions is abfraction. The numerical
results presented by Ichim, et al.19 (2007) clearly show that,
under the action of parafunctional loads, fracture and
dislodgment induced failure of cervical GIC restorations at
the cervical margin. It also shows that prior to fracture the
restorative material undergoes strain softening, which in turn
introduces damage and weakens the materials involved.
Material softening occurs in the cervical region of the
restoration, which is associated with the location of most
clinical failures. This is in agreement with various clinical
studies that have dealt with the longevity and failure of such
restorations7,18. However, there is limited data about the
failure types and little attention has been focused on the
biomechanics underlying their failure.
Although this lack of knowledge, in a previous study41,
both conventional and resin modified GICs subjected to
demineralization by the erosive effect of a carbonated drink
(Coca-cola®), showed a passive role towards erosion. They
were not capable of minimizing erosive harmful effects on
the dental structure41, as previously assumed22. Still, when
used on a short-term basis (7 days), the soft drink caused in
situ a loss in the conventional GIC hardness10. Both
conventional and resin modified GICs showed, in vitro, the
highest microhardness losses when compared to other
materials and to the control group, stored in saliva11. These
results could be explained by the matrix dissolution that
occurs in the periphery of the glass particles of GICs and
could be the result of dissolution of the siliceous hydrogel
layer49.
Some laboratory studies have shown that the sandwich
technique could be advantageous if compared to the
composite or GIC restorations alone, especially when the
gingival margins of the restorations are examined9,21. A
possible explanation for this is that the base transmits flexure
forces to the whole restoration. Another theory states that
GIC could be recommended in that there is high amount of
calcium ions available in this sclerotic dentin. Furthermore,
the replacement of dentin and enamel by GIC and composite
resin, respectively lowers the composite polymerization
shrinkage, allows the release of fluoride ions and makes it
possible to achieve a more polished surface of the
restoration. The possible disadvantages of this restorative
approach include the increase of time, the complexity and
the precision required to place these materials51. Therefore,
the use of the mixed or sandwich technique to restore deep
cervical lesion with no enamel in the cervical margins and
no esthetic needs is recommended. Using this approach, the
good properties of GICs (adhesion, fluoride release,
biocompatibility and thermal expansion coefficient similar
to that of the tooth structure) could be associated with those
of the composite resins (mechanical resistance, superficial
smoothness, esthetics and great color stability)35.
CONCLUSIONS
Along with the development of new dental restorative
materials, there has been a better understanding of non-
carious lesions and their management, and a thorough
discussion in the literature. Based on large scientific
evidence, restoration of non-carious cervical lesions with
GICs has been summarized, discussed, and proved extremely
successful. GICs have very low polymerization shrinkage
and are thermally compatible with tooth structure. These
materials can bond to dentin surfaces without removing the
smear layer and their biological compatibility is well proved.
They maintain adhesion for long periods and are the material
of choice to be placed in the cervical area of the teeth. In
conclusion, it must be emphasized that all patients with tooth
wear should periodically return to their dentists even if the
lesions had been restored with effective materials, not only
to evaluate the lesions, but also to maintain restorations in a
good shape and prevent future dental tissue loss.
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